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Abstract

Introduction

An improved method is proposed for isolation of fat
crystals with isobutanol, followed by fixation using osmium
tetroxide vapours or cryo-fixation and visualization in the
Scanning Electron Microscope (SEM). The cryo-fixation
method revealed the presence of well defined needle-shaped
or rod-shaped fat crystals. The osmium fixed crystals did not
appear as distinct. The crystals existed as single crystals ,
platelets and spherulites. Polarized light micrographs did not
show the details of the crystal morphology that were
observed in the SEM.

Shortenings consist of mixtures of triglyceride fats
processed from a variety of vegetable and animal sources.
The fatty phase of margarines is similar in composition, but
contains in addition about 15% emulsified water and usually
some salt and milk protein . The physical properties of both
types of products, on which their functionality depends, are
mainly governed by the amount of solid fat present and by
the shape, size and interrelationship of the fat crystals
(Berger et al., 1979).
The triglyceride molecules show a 'tuning fork' structure in which the three fatty acid chains are more-or-less parallel, one pointing in the opposite direction to the others. In
crystal growth, such molecules will pack more easily side-toside than end-to-end. The resulting individual crystals appear
needle-shaped under the microscope (van den Tempel, 1961).
Triacylglycerols crystallize in three different modifications oc, {3' and {3. The oc form is very unstable and therefore does not usually exist in plastic fats. The {3' modification is more stable but its crystal lattice is less well ordered
than the {3 modification. Hoerr (1960), using a combination
of X-ray diffraction and photomicrography, concluded that
the {3' crystals were tiny delicate crystals (about 1 J.'m long) .
The {3 modification has the highest order and consequently
the highest melting point. It is known that {3 form crystals
are large and coarse, about 25-50 J.tm in length. In most
margarines and shortenings, the raw materials are blended to
arrive at the desired overall crystallization and melting behaviour. As a consequence, the {3 modification does not occur
very often, the {3' modification is the predominant one. The
{3 modification occurs as large crystals often perceived as
sandiness in the product, and this happens often in products
made from canota and/or sunflower oils.
The formation of texture in plastic fats is the result of
crystallization of triacylglycerols with high melting points.
The crystals are involved in different types of aggregation
with formation of a three dimensional fat crystal network
(Haighton, 1976). Since the average distance between fat
crystals is very small, the crystals are attracted to each other
by Van der Waals-London forces (Haighton, 1963). This
network structure is held together by strong primary forces
and weaker secondary forces (Van den Tempel, 1961). The
nature of the interactions between the fat crystals determines
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allowed to stand for 24 hours at 23 C for shortenings and 5
C for margarines. After 24 hours, it was observed that separation into 2 layers took place. The upper layer consisted of
isobutanol and liquid' oil. The lower layer consisted of solid
crystals and the isobutanol-liquid oil mixture. The upper
layer was decanted and the lower layer resuspended in isobutanol. The procedure was repeated three times to ensure
complete (99.9%) removal of liquid oil. The lower layer
was then filtered to obtain the solid fat crystals. However,
viewing this material directly in the SEM did not show any
detail because the crystals tended to stick together. Resuspension of the sample was done with isobutanol to overcome
this problem.
After sample preparation, they were further treated by
two methods in order to examine differences in crystal morphology. The isolated fat crystals were fixed using osmium
tetroxide or by a cryo-fixation technique. For osmium fixation, the crystal suspension was applied as a thin film on aluminum stubs and the isobutanol allowed to evaporate. The
samples were then exposed to the vapour of 0.25g osmium
tetroxide crystals (99.5% pure, Fisher Scientific) overnight.
Osmium fixation confers electron density to the specimen, a
desirable feature since deposition of heavy metal in or on the
specimen increases the number of secondary electrons emitted and helps in producing good images (Revel, 1975). It is
known that osmium tetroxide binds to the unsaturated double
bonds of fatty acids to form cross-links (Hayat, 1970; deMan
et al., 1985) and has been proven not to affect the morphology of the crystals (Mostafa et al., 1985) . Following fixation ,
the samples were sputter-coated with 20 nm of gold-palladium alloy using the Hummer VII sputter coater and examined
in the Hitachi S 570 SEM. A layer of gold-palladium coating improves the image and eliminates charging . Because of
its high density, gold will allow only those secondary electrons originating near the surface of the sample to escape
(Revel, 1975) .
For cryo-fixation , the fat crystal suspension was applied as a thin layer to glass coverslips and after evaporation
of the isobutanol, mounted on the sample holder with TissueTek O.C.T. compound and transferred to an Emscope SP
2000A cryo-preparation unit. Samples were plunged into liquid nitrogen slush (-207 C) and then transferred to the sublimation stage where they were sublimated for 10-15 minutes
at -80 C to ensure that no ice crystal formation took place.
The samples were sputter-coated with 25 nm gold and transferred to the SEM maintained at -130 to -160 C.
Samples were examined at an accelerating voltage of
10 kV and the micrographs were recorded on Ilford FP4 120
mm film.
Polarized light photomicrographs of the shortenings
and margarines were obtained at 400X magnification using an
Olympus model BH polarized light microscope with PM-6
camera attachment.
X-ray analysis was conducted to identify the polymorphic form of the fat samples using a Diffractis 601 X-ray
generator and Guinier camera model FR 552 (Enraf-Nonius,
Delft, The Netherlands) . X-ray patterns were recorded on
photographic film and the diffraction bands measured with a
Guinier viewer to identify the polymorphic form of the fats

the type of network and the rheology of the product
(Juriaanse and Heertje, 1988; deMan and Beers, 1987) .
Jewell and Meara (1970) has given a description of the type
of crystal aggregates as follows:
i)
Spherulite type A: central core or nucleus of
tightly-packed, rather broad needles surrounded by radiallyoriented, long, narrow , needle-like crystals.
ii)
Spherulite type B: central core surrounded by
small, closely bound, randomly oriented crystals.
iii)
Clusters: small, more-or-less spherical groups
of closely bound crystals, randomly arranged.
iv)
Bundles: crystals arranged more-or-less parallel to each other, each bundle oriented randomly with respect
to other bundles, although with some tendency to form an
open network.
v)
Aggregates: aggregates of spherulites and of
clusters.
Crystal morphology is concerned with the size and the
shape of the individual fat crystals. Crystal morphology can
be determined after separating the oil from the fat crystals,
followed by appropriate visualization techniques. The methodology should be able to remove the liquid oil from the
product without disturbing the solid matrix (Heertje et al.,
1987). Jewell and Meara (1970) developed a replica technique subsequent to freezing to study the crystal structure of
fats using the electron microscope. The separation of the
solid and liquid phases was done using a detergent solution.
Poot et al. (1975) described a laboratory technique for isolating the solid fat from plastic fats using an aqueous detergent
solution which was followed by high speed centrifugation.
The detergent method gave information on crystal shape and
has been shown to correspond well with crystal size measured by light microscopy (Jewel and Meara, 1970) . However, excessive handling of the crystals in this method provides many possibilities for artefacts. A technique was developed for the observation of the three dimensional product
structure by removing the liquid oil phase from a fat spread
using a solvent system 2-butanol/methanol (Heertje et al.,
1987). The authors claim that the structural integrity of the
solid crystalline matrix was retained and that the solvent
system affected the crystal matrix only to an acceptable limit.
However, the retention of liquid up to 10-20% as reported ,
may lead to artefacts.
In this paper we propose an improved method for separation of solid fat crystals using isobutanol; followed by
fixation using osmium tetroxide vapours or cryo-fixation and
visualization using the scanning electron microscope (SEM).
Materials and Methods
Shortenings and margarines were purchased from a
local supermarket. Shortening A was made from lard, the
others were made of vegetable oils. All of the margarines
were made of vegetable oils. They were examined by SEM
and polarized light microscopy (PLM) and X-ray diffraction
analysis.
The shortenings and margarines were prepared for
viewing in the SEM by suspending in isobutanol in the ratio
of 1:50. The dispersed mixture of fat and isobutanol was
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micrographs indicated the presence of individual rod-shaped
crystals (diameter to length ratio of 1:4 or less), uniform in
size and shape. Some crystals appeared as platelets while
others appeared as spherulites with a random arrangement of
crystals (Fig. 3D, 3E). Margarine C showed the existence
of {3 and {3' forms. SEM micrographs showed that the crystals appeared as single needle-shaped units or as platelets
(Fig. 4A, 4B). Margarine D existed only in the {3' form.
SEM micrographs showed the presence of needle-shaped
crystals, non-uniform in size (Fig. 4D, 4E).
The crystal morphology revealed by this study suggests that crystals of the {3' polymorphic form appear as single needle-shaped crystals about 5-7 J.Lm in size. Crystals of
the {3 polymorph may appear as single crystals or as aggregates in the form of platelets or spherulites 20-30 J.Lm in size.
It appears that when fat crystals transform from {3' to {3 polymorphic form , they are initially small in size and single, and
tend to aggregate and grow in size on prolonged storage.
Polarized light microscopy did not reveal the details
seen on SEM (Fig. lC, IF, 2C, 2F, 3C, 3F, 4C, 4F). However, the method gives an indication of the size and shape of
the fat crystals. Polarized light microscopy enables the solid
and liquid phases to be distinguished, because the solid crystalline material is anisotropic and therefore birefringent,
whereas the liquid oil is isotropic. It reveals only those
crystals which are in a certain orientation (Berger et al. ,
1979). Depending on the orientation of the fat crystals, it is
likely that they may appear smaller than they really are. A
comparison of the SEM micrographs with the PLM photomicrographs suggests that the two methods compare well in
terms of crystal morphology, but SEM provides greater detail
than PLM.
The fat crystals in both margarines and shortenings
appeared similar in shape. Juriaanse and Heertje (1988) reported no essential differences in the fat crystal network of
the two types of products.
The two methods of visualizing fat crystals in the
SEM i.e., osmium fixation and the cryo-technique did not
show any major differences. However, with the cryo-technique, more detail was seen and the fat crystals seemed to
have a better defined structure. With osmium fixation on the
other hand , the fat crystals did not appear as distinct. This
could be attributed to the fact that slight melting of fat crystals might have taken place due to the rise in temperature of
the surface due to the electron beam (Sargent, 1988; Kalab,
1983, 1984). This problem was overcome with cryo-technique because the stage chamber is maintained at below -130

by their short spacings. The relative intensities of the polymorphic forms were estimated from the characteristic spacings of the {3' modification at 0.42 nm and the {3 modification
at 0.46 nm.
Results and Discussion
Complete removal of liquid oil is essential to visualize
the morphology of the fat crystals. Incomplete removal of
the liquid oil causes the crystals to be covered by an amorphous surface layer, which might cover the original crystallization patterns. Hence, the observation of the fat crystalline
matrix is hampered by the attached oil.
Table 1 shows the polymorphic forms and their relative intensities of the shortenings and margarines. Shortening
A existed in both {3 and {3' form, with a predominance of the
former. In the SEM, the crystals were seen to exist mostly
as platelets that were non-uniform in size and shape (Fig.
1A, lB). Shortening B showed both {3 and {3' forms, with {3'
being the predominant one. SEM micrographs showed the
presence of fine needles (diameter to length ratio of 1:5 to
1: 8) which existed both as single crystals and platelets (Fig.
1D, 1E). X-ray diffraction revealed that shortening C was
mostly in the {3' form, although some {3 form existed. In the
SEM, the crystals appeared as needle-shaped separate crystals
with a diameter to length ratio of 1:5 to 1:8 (Fig. 2A, 2B).
Shortening D showed a predominance of {3' and some {3 form
was present. SEM micrographs revealed the crystals to be
needle-shaped, mostly present as spherulites where the crystals were randomly arranged with respect to each other (Fig.
2D , 2E).
Table 1: Relative intensities of {3' and {3 polymorphic
forms in shortenings and margarines
Product

Polymorphic form and its relative intensity

> > {3 '

Shortening A

{3

Shortening B

{3 <

Shortening C

{3

< < {3 '

Shortening D

{3

< < {3'

Margarine A

{3

> > {3 '

Margarine B

{3

>

{3'

Margarine C

{3

=

{3'

Margarine D

{3 '

c.
Heertje et al. (1987) reported that a sharp separation
between the solid and the liquid fat phase by treatment with
a solvent is not to be expected since triacylglycerols in the
solid phase may partly dissolve during the solvent extraction.
Apart from loss of solid phase, retention of liquid phase may
also occur. In favourable cases, 30% loss of solid phase was
accompanied by 10% retention of the liquid phase. However, in a previous communication, it has been shown that
when plastic fats were suspended in isobutanol loss of solid
or liquid phase did not exceed 5% (Chawla and deMan,
1990).

{3'

Margarine A showed a predominance of {3 crystals.
SEM micrographs showed fat crystals mostly in the form of
bundles with the crystals more-or-less parallel to each other,
rather non-uniform in size, the bundles oriented randomly
with respect to each other (Fig. 3A, 3B) . Margarine B
showed both {3 and {3 ' crystals on X-ray diffraction. SEM
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Figure 1: Micrographs of: A) Shortening A osmium-fixed viewed in the SEM; B) Shortening A cryo-fixed viewed in the SEM;
C) Shortening A viewed with PLM; D) Shortening B osmium-fixed viewed in the SEM; E) Shortening B cryo-fixed viewed in
the SEM; and F) Shortening B viewed with PLM.
Bars = 5 urn (for SEM) and = 50 Mffi (for PLM).
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Figure 2: Micrographs of: A) Shortening C osmium-fixed viewed in the SEM; B) Shortening C cryo-fixed viewed in the SEM;
C) Shortening C viewed with PLM; D) Shortening D osmium-fixed viewed in the SEM; E) Shortening D cryo-fixed viewed in
the SEM; and F) Shortening D viewed with PLM. Bars = 5 urn (for SEM) and = 50 urn (for PLM).
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Figure 3: Micrographs of: A) Margarine A osmium-fixed viewed in the SEM; B) Margarine A cryo-fixed viewed in the SEM;
C) Margarine A viewed with PLM; D) Margarine B osmium-fixed viewed in the SEM; E) Margarine B cryo-fixed viewed in the
SEM; and F) Margarine B viewed with PLM.
Bars = 5 urn (for SEM) and = 50 urn (for PLM).
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Figure 4: Micrographs of: A) Margarine C osmium-fixed viewed in the SEM; B) Margarine C cryo-fixed viewed in the SEM;
C) Margarine C viewed with PLM; D) Margarine D osmium-fixed viewed in the SEM; E) Margarine D cryo-fixed viewed in
Bars = 5 urn (for SEM) and = 50 urn (for PLM) .
the SEM; and F) Margarine D viewed with PLM.
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The existence of a three dimensional network of fat
crystals has been postulated for many years. The nature of
the network structure depends on both composition and processing conditions and can be manipulated by modifying the
processing conditions (Heertje et al., 1988). The extent to
which the individual crystals aggregate determines the
character of the observed network (Heertje et al., 1987;
deMan and Beers, 1987).
Scanning electron microscopy, particularly the cryofixation technique provides useful information regarding
crystal morphology and this may be useful in explaining
differences in textural characteristics of finished products.
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D.N. Holcomb: Is the 'tuning fork' structure mentioned in
the introduction as "universal" as the sentence suggests?
Authors: Yes, available evidence suggests that this is a
common structure in solid triglycerides.
D.N. Holcomb: Did the authors determine if there is any
solubility of fat crystals in isobutanol?
Authors: Yes, measurement of the amount of solid fat
recovered initially and after 24 hours of contact with
isobutanol was the same.
K. Larsson: The significance of fat crystal network is discussed in the paper. A true network must mean that the
crystals are in direct contact. Can you, from your results,
see if there are regularities in orientation of crystals in such
contact regions, corresponding to some epitaxial joints? Do
you think that the fat crystal solvent separation method will
break eventual joints?
Authors: The easy dispersion of fat crystals in a fat by isobutanol would suggest that the bonds between the particles
are very weak. In our opinion, it is not even necessary that
there are definite bonds between particles. Maybe, we are
simply dealing with a mechanical intertwining.
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